Homozygous males of these alleles show normal testis development but greatly reduced fertility. The average number of F1 progeny produced by one mated wildtype female in 48 hr is reduced from 60 for a wild-type Summary male parent to 3 for a PKD2 ko67 male parent ( Figure 2B ). One copy of wild-type Pkd2 cDNA transgene restores Sperm of both mammals and invertebrates move tothe fertility to approximately 50% of the wild-type level ward specific sites in the female reproductive tract.
the underlying cause of male fertility reduction. directional cues are unknown. Here, we report genetic
To investigate this further, we used a sperm tail-assoanalysis of Drosophila Pkd2 at 33E3 (Pkd2, CG6504), ciated GFP reporter (dj-GFP) [6] to quantify sperm prowhich encodes a Ca 2؉ -activated, nonselective cation duction by examining the seminal vesicles (sv) where channel homologous to the human Pkd2 autosomal mature sperm are stored. The sv of Pkd2 mutant males dominant polycystic kidney disease (ADPKD) gene [1] .
are of normal size compared to that of wild-type males The PKD2 family of genes has been implicated in senof the same age ( Figure 3A ). Pkd2 mutant sperm inside sory responses through protein localization on prithe sv are emptied normally during mating ( Figure 3B ), mary cilia of epithelia and neurons [2] [3] [4] . In renal tuand a large amount of the mutant sperm are found in bules, cilium-associated PKD2 appears to mediate the female uterus immediately after mating ( Figure 3H ). Ca 2؉ influx in response to fluid flow, and the loss of The fertilization rate was measured by detecting the fluid sensation probably contributes to cyst growth sperm tail inside the egg within 15-30 min after egg and ADPKD [4] . Sperm tails or flagella are specialized deposition. When females were mated with wild-type cilia essential for movement. Drosophila Pkd2 is abun-(ϩ; dj-GFP) males, 79% of the resulting eggs contained dantly associated with the tail and the acrosome-cona coiled sperm tail (n ϭ 100) ( Figure 3C ), and the eggtaining head region of mature sperm. Targeted disruphatching rate was 78.7% (n ϭ 375). In contrast, only 3% tion of Pkd2 results in male sterility without affecting of the eggs contained the sperm tail when eggs came spermatogenesis. The mutant sperm are motile but from females mated with (PKD2
ko67
; dj-GFP) mutant fail to swim into the storage organs in the female. Rare males (n ϭ 200; data not shown), and the egg-hatching mutant sperm that reach the storage organs are able rate in this case was 2.7% (n ϭ 295). This suggests that to fertilize the egg and produce viable progeny. Our once inside the egg, PKD2 ko67 sperm are as fertile as data demonstrate that the Drosophila PKD2 cation wild-type sperm. channel operates in sperm for directional movement A wild-type Drosophila male ejaculates ‫0006-0004ف‬ inside the female reproductive tract. sperm in a single mating attempt. During mating, a gelatinous mating plug forms at the posterior uterus before Results and Discussion sperm is transferred to prevent sperm leakage through the posterior opening [7] . Immediately following sperm Drosophila PKD2 protein is most abundantly expressed deposition, wild-type sperm move away from the mating in the larval and adult testes. The testis tip contains plug, and essentially all sperm congregate at the anterior mitotic stem cells that show very little or no PKD2 exuterus ( Figures 3E-3G ). At the anterior uterus, sperm pression ( Figures 1A and 1B) . In contrast, all differentiatavoid going into the large common oviduct (O) but ining sperm precursors and the mature sperm contain stead pass through narrow openings that connect to the high levels of PKD2 (Figure 1 ). PKD2 appears as dotted seminal receptacle (R) and spermathecae (S) (Figures staining along the entire sperm length, the tail, and the 3D-3G), which are sperm storage organs where sperm head plus the acrosome region, with no obvious regional are sorted and prepared for fertilization [8] . This series differences ( Figures 1D-1F Figure  3L ). Occasionally, mutant sperm are found stuck at the entrance to the receptacle ( Figure 3K ). Between 3-4 hr after mating, unstored mutant sperm leak out of the uterus more quickly than unstored wild-type sperm (Figure 3G versus 3J) . Previous studies show that mated Drosophila females exhibit avoidance behavior to subsequent mating attempts. Sperm storage in the female prolongs the avoidance behavior of the mated female for as long as 8 days, whereas females mated with spermless males will remate starting approximately on the second postmating day [9] . Wild-type females were first mated with PKD2 ko67 mutant males and then challenged by wild-type males for remating. Accumulatively, 72.7% and 88.3% of these mated females (n ϭ 82) remated on the second and third postmating day, respectively. The ratio of F1 progeny fathered by the first male versus the second male was 1/20 (n ϭ 750), indicating a success of sperm competition by the second-mated wild-type male over the first-mated mutant male. In a parallel experiment, none of the wild-type females that were mated with wild- inside the sperm storage organs. The 3% of the eggs fertilized by the mutant sperm hatch at a normal rate, movement pattern is observed in wild-type females suggesting that rare mutant sperm that reach the egg mated with Pkd2 ko67 ; DJ-GFP males. The mutant male are able to fertilize the egg and produce viable progeny. copulates for a similar length of time as the wild-type Sperm pass through the sperm storage organs before male, and the mating plug, which can be dissected out of being utilized for fertilization in Drosophila [8] . Drosophthe uterus as an autofluorescent plug [7] , forms normally ila lay coated eggs that become activated by the ovuladuring mating (data not shown). The mutant sperm show tion process irrespective of fertilization by sperm [8] . similar but slightly less vigorous flagellar beating motion Thus, in vitro experiments are probably not possible to in dissected female uterus and spread away from the directly test whether Pkd2 also affects sperm-egg fusion posterior ejaculation site to occupy nearly the entire as recently shown for a TRP family channel [10] . Our data suggest that Pkd2 mutant sperm fail to respond to uterus even before copulation ends ( Figure 3H ). How- 1(1), 2.85(2), 3.14(3), 3.07(4), 3.46(5), and 28.88(6) . Note that both UAS-Pkd2F81 and Tubulin-Gal4 have to be present to produce a significant rescue of male fertility. Several independent transgenic insertions of UAS-Pkd2 also rescued the fertility of Pkd2 ko67 (data not shown). 
